The Source of the Virus in Natural Transmission.
The following experiment was planned to determine if possible the source of the protozoan parasite of blackhead, Histomonas melkagridi¢, and more especially whether, in the natural transmission of blackhead, it is derived from the intestinal worm, Heterakis papiUosa. A series of thirty-one turkeys from a single incubation was used in the experiment. These were divided into seven groups on removal from the incubator, each group being provided with a separate dean compartment in a laboratory room. They all received sterilized food and water, and were otherwise protected from any protozoan con~mlna-tion throughout the experiment. The general arrangements of the compartments in which the turkeys were kept is shown in Text- fig. 1 , and, as the value of the experiment lay in attention to minute details to remove any question of outside contamination, the outfit used will be described rather fully. The compartments, which were also used in later experiments, were constructed by building intersecting partitions of wallboard on the tops of two large tables and an enclosing wall consisting of a double strip of cheese-cloth, fastened to posts at the four corners of each table top and to the ends of the partitions. In order to eliminate flies and other insects, a mosquito bar was stretched over the top and tucked inside the cheese-cloth strip. The legs of the tahleswere placed in dishes of kerosene oil to isolate the compartments from any crawling insects. A simple hover was provided in each compartment with a 15 watt electric light enclosed in a tin can to furnish heat. The hovers consisted of rectangular frames with legs at the four corners, across which were stretched wires and over these were hung strips of heavy cotton flannel. The top was covered with the same material. In order to retain the heat, a pasteboard box was placed over each hover and openings were made on two sides for the turkeys to go in and out. It was necessary to see that the turkeys were all safely under the hovers at the end of the 1st day after removal from the incubator but thereafter no further attention in this respect was required.
Before each experiment, the mosquito bar, cheese-cloth, hovers, and cans were autoclaved, the partitions given a fresh coat of paint, and the table tops covered with many thicknesses of fresh clean paper. New boxes were provided for the hovers. Drinking fountains and food dishes were either autoclaved or sterilized by boiling. All materials entering into the diet were sterilized. Each compartment was furnished with a litter of sterile hayseed. Hard boiled eggs were fed throughout the greater part of the experiment. Sterilized grit was kept constantly on hand and after a few days pasteurized milk, soured by inoculation with a stock culture of B. bvdgaricus, and sterilized chick feed were added to the diet.
The attendant was required to wash her hands thoroughly with soap and water and then in 70 per cent alcohol before feeding the turkeys. The food was dropped or poured into each compartment and, in case anything was touched, the hands were rinsed in alcohol before proceeding to the next compartment. Any dish removed from the compartment was sterilized before it was returned.
The above precautions were taken in order to eliminate any possibility of the introduction of Histomonas except in the additional materials which were intentionally f u m i .~d to the various groups.
Experi~r~nt 1.--Thirty-one turkeys hatched on June 2, 1921, were removed from the incubator the following day, divided into seven lots or groups, each lot being placed in a separate compartment and furnished with sterilized food and water as described above. When 4 days old, the turkeys of six groups were given their first dose of the various materials, the infectiousness of which was to be tested. Group 1 received nothing additional and served as controls; Group 2 was fed liver lesions f~om acute blackhead cases; Group 3 received ripe Heterakis ova that had been treated for 3 days with 1.5 per cent by volume of nitric acid; Group 4 received similarly treated He~erakis ova and was also given a sod of clean lawn grass; Group 5 received both the treated Heterakis ova and liver lesions; Group 6 was fed untreated Heterakis ova only; and Group 7 received untreated Heterakis ova and liver lesions. These various materials were fed on a number of occasions, the dates of which are given in Table I . The groups were at all times fed in numerical order beginning with the controls (Text-fig. 1 ). This sequence in feeding w~ adopted intentionally to lessen the chance of contamination from any possible carelessness in carrying out directions. The attendant thus first fed the normal birds, then those which might possibly develop blackhead, and finally those which according to previous results would be most likely to develop the disease.
As each turkey died or was killed, a thorough postmortem examination was made, and the cecal contents were carefully examined for both worms and protozoa. The data of the experiment are furnished in detail in Table I .
That the measures taken to prevent accidental contamination of the stock employed in this experiment were adequate is shown by the postmortem findings in the group of control turkeys which was kept under the conditions already outlined for periods longer on the average than those in any of the other groups. None of the control turkeys showed any lesion, intestinal worm, or any form of protozoon.
The second group, which had been fed liver lesions fresh from cases of acute blackhead on three separate occasions, furnished two cases (50 per cent) of blackhead. One of these turkeys (No. 20), killed 15 days after the first feeding, showed typical blackhead; the other (No. 18), killed 21 days after the first feeding, showed a distribution of lesions that had hitherto never been encountered. As both ceca appeared to be normal throughout, presumably a large lesion of the proventriculus represented the primary focus, and smaller lesions in the liver metastases. Contact lesions resulting from the extension of the disease from liver lesions to the contiguous serous surface of the proventriculus are not infrequent, but in this case there was extensive necrosis of the mucosa without any visible involvement of the serous coat. A coccidium (Eimeria avium) was also found in three of the four turkeys of this group. Whether this very resistant organism was derived from some of the turkey eggs from which the birds were hatched, or from the diseased livers which were fed to them, or from air-borne dust, could not be determined. It should be mentioned that, of the various compartments, the one containing these birds was nearest a window (8 feet) which was kept open more or less all the time for ventilation. While this is suggestive of air-borne infection the other possibilities are quite as plausible. The important point, however, is that the feeding of considerable amounts of blackhead virus may of itself produce infection in the absence of Heterakis papillosa or other parasitic worms.
The development of blackhead in all the turkeys of the third group furnishes very suggestive evidence as to the origin of the virus in the natural transmission of the disease. The previous treatment of the Heterakis material, i.e. subjection for 3 days to the action of 1.5 per cent nitric acid, rendered this material sterile with respect to bacteria (as shown by cultures) so that the survival of the protozoon, Histomonas meleagridis, outside of the Hetcrakis ova in this material is extremely improbable. This material, however, did produce typical blackhead in fatal form in each of the five turkeys to which it was fed, and the symptoms of the disease appeared as early as in the cases in which untreated Heterakis material was employed.
In case the virus was external to the membrane which so adequately protects the Heterakis embryos in the ripe eggs of this worm, it would be reasonable to expect at least a dilution effect as the result of the treatment with acid. Even if it were conceivable that the albuminous matter present did furnish a certain amount of protection, tho frequent agitation in a lalge amount of acid and the subsequent washings in sterile salt solutio;, would tend to eliminate any virus not included in the ova. All previous experiments indicate that the organism of blackhead is of a frail, non-resistant character. Inoculation is successful only when freshly obtained lesions are used, although at a low temperature (5°C.) the latter may remain active at least 4 days. Although the organisms may be maintained in an active state for a few days in appropriate culture media, they soon disappear completely, leaving no forms to be interpreted as resistant stages.
The possibility that the parasite of blackhead is transmitted through the turkey's egg to the young turkey is not wholly eliminated. However, if such were the case one would at least expect the disease to appear occasionally in isolated control turkeys, especially in those not rare instances in which pathological conditions as indicated by fibrinous cores are present in the ceca of otherwise healthy birds.
The demonstration that the feeding of the acid-treated Heterakis ova is all that is necessary for the production of blackhead leaves the
additional factors introduced in the four remaining groups without significance. Thus it is unimportant whether soil, virus derived from blackhead lesions, or fecal material is present with tteterakis ova, for the result in all cases is the same. The sixteen turkeys of these various groups aI1 showed typical blackhead.
The groups fed acid-treated ova showed somewhat fewer Heterakis, visible to the naked eye (average 17), as compared with the groups fed untreated ova (average 30), but the individual distribution within the groups varied greatly, one turkey of a given group showing only 5, another 132 worms.
The finding of Heterakis in various stages of development, and especially the occurrence of small larval forms, weeks after the Heterakis material was fed, indicates that many of the ova pass through the alimentary tract of the young turkey intact and that these, on being again picked up from the litter in which food becomes scattered, may then hatch and develop.
In the ceca of several of the turkeys which survived longest in this experiment, rounded protozoa having the general appearance of small sized ttistomonas were observed to pulsate rhythmically though weakly. This observation was suggestive of the occurrence, late in the infection, of a flagellated stage of Histomonas, but the point could not be definitely determined at this time because pulsating forms were found only in those turkeys which had been fed untreated Heterakis material or had been furnished soil.
The young turkeys were undoubtedly infected long before they showed any pronounced symptoms. Possibly their confinement in a small space in which they were not subjected to the tiring effects of a more variable environment, such as they experience when allowed to roam free, was the cause of their surviving much longer than would be expected in view of their age.
Experiment 2.--A lot of eleven turkeys hatched on September 6, 1921, was kept in a clean compartment and furnished sterilized food and water. One found dead at the age of 5 days showed firm slender cores in the ceca without any thickening of the walls; two died at the age of 8 days, one being crop-bound, and the other showing a firm yellow core distending one cecum. In none of these was there any indication of blackhead infection. On September 15, two were moved to another clean compartment and during the next 24 hours were fed five doses of ripe Heterakis ova (collected in August) that had been kept for a week in l.S per cent nitric acid. The six other turkeys of this lot were fed a portion of the same Heterakis material which had not been treated (two on September 15 and four on September 22).
Both turkeys receiving the Hderakis ova kept for a week in dilute nitric acid developed characteristic blackhead. One was killed 21 days and the other died 28 days after receiving the last dose of ova. They both showed few ile~rakis of sufficient size to be seen with the unaided eye but scrapings of the cecal mucosa showed numerous young larvm. I
The turkey which died 28 days after being fed acid-treated Heterakis material was autopsied at once and showed in the ceca numerous motile flagellates, apparently representing a flagellated stage of Histomonas. No other protozoa were found in fresh preparation, stained film, or section. In scrapings of the cecal mucosa planted in ovomucoid, a medium in which Tetratrichomonc~ go, llinarum is readily grown, the above organisms died out completely within 48 hours. In stained films the organisms were readily identified as His~omono.s mdeagridis and in a considerable proportion one or two short flagella were demonstrable.
With the view of obtaining early stages of blackhead for histological studies, two of the turkeys that received untreated Heterakis material were killed 8 days later, one 9 days, two I0 days, and one II days after the ingestion of ova. In one a single Ilelerakis larva was found, one showed four, and the others numerous young worms. Blackhead was found in only one of the turkeys, killed 10 days after ingestion of ova.
T h e results of this experiment confirm those of E x p e r i m e n t I with respect to production of blackhead with Heterakis ova treated with dilute (1.5 per cent) nitric acid. T h e y also show t h a t Histomonas meleagridis m a y occur in flagellated form late in the disease. Small He~rakis larwe were again found long after feeding the ripe ova of this worm.
T h a t only one of the six turkeys t h a t were fed untreated ova and killed from 8 to 11 days later should show blackhead infection indicates t h a t invasion of the tissues b y the organism of blackhead does not always immediately follow the ingestion of the w o r m eggs. F r o m the results of previous experiments it appears probable t h a t others of this lot would have become infected if they had lived 1 or 2 weeks longer.
~Some of these larvm were no larger or more differentiated than the stages obtained 5 days after feeding ttaerakis ova by Dr. C.Uribe of this laboratory who is making a study of the life cycle of this worm
The Effect of Drugs on Blackhead in Turkeys.
Ipecac Treatment.--In the course of a previous investigation ~ emetine, the active principle of ipecac commonly employed in amebic dysentery, was administered at regular intervals in toxic doses to two turkeys inoculated with blackhead. This drug failed to prevent the development of the subcutaneous lesions in either case. While one of the turkeys eventually recovered it was not thought that this should be attributed to the emetine, since spontaneous recovery from inoculated blackhead had already been noted. In a series of nine turkeys infected with blackhead through inoculation during the present investigations, three have recovered without treatment.
The recent report of Wegeforth 3 on the value of ipecac in the prevention and treatment of blackhead in turkeys has aroused widespread interest. I t appeared quite possible that ipecac, as it contains active principles other than emetine, might be of value even though the latter had failed. Furthermore, a drug which failed to destroy organisms injected into the tissues might prevent natural invasion from the cecal contents especially if administered by mouth. I t was to test the value of ipecac that the following experiments were planned.
Experiment &--Ripe Heterakis ova were fed on July 20, 1921, to fifteen of a lot of forty turkeys hatched on July 14. Wine of ipecac was then administered to four of these in doses of 5 drops daffy to see if infection could be prevented.
The failure of these ipecac-treated turkeys to contract blackhead is of doubtful significance, for only two of the deven control turkeys showed blackhead infection. The absence of worms in four of the latter and the small number found in others indicated that the dosage of Heterakis ova was too small to furnish uniform results. 23 days after the feeding of Heterakis ova one of the four ipecactreated turkeys was killed and showed no evidence of disease or intestinal worms The other three were used in the following experiment.
Experiment 4.--Twenty-three turkeys hatched on July 14, 1921, were used, three having previously received small dally doses of wine of ipecac as already explained On August 11 the turkeys, now 28 days old, were placed out of doors in two adjacent cages, twelve in one and eleven in the other. As there was no Heterakis material on hand, both groups of turkeys were fed a dry mash to which dirt from a hen yard had been added in the proportion of eight parts of mash to Tyzzer, E. E., Fabyan, M., and Foot, N. C., Y. Infect. Dis., 1921, xxix, 268. 8 Wegeforth, H. M., and Wegeforth, P., J. Pharmacol. and Exp. Therap., 1921, x'vii, 249, one of dirt. A shovelful of the same dirt was thrown into the cages from time to time.
The two groups of turkeys were treated similarly in every respect except that throughout the experiment ipecac was added to the food of the eleven confined in one of the cages, the twelve in the other cage serving as controls. In order that the effect of ipecac on inoculated blackhead might also be tested, one of the controls and one of the ipecac-treated turkeys had been inoculated on August 10. Powdered ipecac was employed and for the first 6 days was given in a dry mash, so that the turkeys, averaging at first 300 gm. in weight, would each get about 0.08 gin. per day. Since the mash was not all eaten and became somewhat scattered, the amount of ipecac actually taken was probably considerably less than the dose furnished.
Beginning on August 17 ipecac was added to the daily ration of sour milk in an amount equivalent to 0.1 gm. for each turkey. The average body weight was now 400 gin. Although the drugged milk was taken slowly it was all cleaned up each day so that the dosage of ipecac was now between 0.1 and 0.18 gin. On August 19 ipecac was added to the milk in an amount equivalent to 0.2 gin. per turkey and was no longer furnished in the mash. On August 29 the dose was doubled, but as the turkeys then refused the milk, it was necessary on the following day to return to the previous dose of 0.2 gm. Although the birds had by this time greatly increased in weight, several were already showing symptoms of blackhead.
The detailed results of these various procedures are given in Table II. T h e results obtained from the two inoculated turkeys show t h a t ipecac has no specific action on the organisms of blackhead, as it occurs in the tissues of the turkey, the course of the disease being the same in b o t h control and treated birds.
I t is evident from this experiment t h a t ipecac administered as a prophylactic in large doses has a distinct effect in t h a t treated turkeys remain healthy longer than u n t r e a t e d birds when subjected to conditions such as m i g h t be furnished b y the ordinary farmyard. T h u s 63 per cent of the controls had died before a n y death had occurred among the treated turkeys, and 70 per cent of the latter were alive at the d e a t h of the last of the control turkeys.
Since this retarding effect of ipecac on the incidence of the natural type of infection occurred, notwithstanding the absence of a n y effect on the inoculated disease, it seemed i m p o r t a n t to ascertain whether the ipecac t r e a t m e n t might not tend to affect the development of Heterakis. These worms were found, however, to be as numerous in the treated as in the control turkeys. T h e inoculated t u r k e y (No. 54) which received ipecac treatment, and in which the ceca were not infected, nevertheless harbored a large number of worms. In the absence of any specific action of the drug either on the organism of blackhead in the tissues or on the intestinal worm, Heterakis papillosa, explanation was now sought in some simple physiological action of the drug such as the increase of secretions or peristalsis. On one occasion it was thought t h a t the droppings of the treated turkeys were more watery than those of the controls, b u t continued observations showed no marked difference in this respect between the two lots. T h e administration of ipecac in the food had, under the conditions of the experiment, a distinct retarding effect on the growth of the turkeys, possibly because a smaller amount of the drugged food was taken. No other untoward effect was noted unless the appearance of abnormalities affecting both bones and feathers in the only turkey which recovered is to be attributed to the long course of treatment.
Sulfur Treatment.--From the results obtained with ipecac it was
thought probable t h a t other drugs having evacuant properties would have a similar action. Sulfur was chosen because it is non-toxic, can thus be administered in large amounts, and is said to increase peristalsis. T h e number of turkeys available at this time was small.
Experiment 5.--Four turkeys of the lot of forty hatched on July 14,1921, and five hatched on August 14 were employed. On September 1 these turkeys, now 48 and 17 days old respectively, were distributed in four cages so that some of either age could be furnished sulfur daily in their food, while the others would serve as controls. From the beginning of the experiment dirt from a hen yard was scattered in all the cages and used to contaminate the food. The younger of the turkeys treated each received one teaspoonful of precipitated sulfur twice a day, one-half being added to the sour milk, one-half to the dry mash, while the older ones each received two teaspoonfuls twice a day, similarly added to the dry mash and the sour milk. Later on the two groups that were being fed sulfur were combined in one cage and the controls in another. It was now no longer possible to estimate the dosage for each turkey but an abundance of sulfur was always available in both milk and. dry mash. Sulfur, since it is a practically tasteless powder, is readily taken with the dry mash but tends to float on a fluid like milk. The results obtained are given in Table III. I t is quite apparent t h a t sulfur m a y be administered in large amounts to turkeys without untoward effect. The droppings, es-pecially those of the cylindrical type from the small intestine, m a y assume a dull clayey appearance. No diarrhea was noted.
Although the number of turkeys employed was small, the results are suggestive in that with one exception the treated turkeys survived longer than the controls. I t was necessary to kill two of the smaller turkeys (one control and one sulfur-treated turkey) early in the ex- periment (September 20), on account of helplessness resulting from faulty development. Both of these showed lesions in ceca and liver. In general, H e t e r a k l s was found in the control turkeys in greater numbers than in the sulfur-fed turkeys. In the control turkey showing only six worms, the finding of a barely recognizable macerated H e t e r a k i s in the putrefying material from the occluded cecum suggests t h a t worms are destroyed in the decomposition t h a t takes place when these organs become extensively diseased.
Since Graybill and Smith 4 have called attention to Hef~rakis papillosa as a possible factor in the transmission of blackhead, it appears to be a matter of primary importance to establish the part played by this worm in the natural incidence of this disease. In a previous paper s statistical data were discussed, showing that no great preponderance of Heterakls had been found in infected as compared with normal turkeys. The opinion was also expressed that invasion of the mucosa might be effected by pathological conditions arising from other causes as well as from the presence of Heterakis. Reliance on the postmortem count of Heterakis may, however, not be justified in all cases, for it is probable that many worms are destroyed when the cecum becomes extensively diseased, as already mentioned. It is also notable that in cases in which only one cecum is diseased, there are usually fewer worms in the abnormal than in the normal cecum.
The susceptibility of the turkey, however, is evidently so great that infection may occur with very few and possibly with no tteterakls present. A half grown turkey recently killed showed characteristic blackhead with involvement of one cecum and the liver. The diseased cecum showed a localized lesion not over 2 cm. in extent, while the other appeared quite normal. Only one immature Heterakis was found on careful search of both ceca.
Evidence of the occurrence of pathological conditions in the ceca independently of Heterakis and unassociated with blackhead infection has already been pointed out in the cores which sometimes form in these organs at an early age without any blackhead infection. Such cores were recently found in the ceca of two turkeys 5 and 8 days old, respectively, that had been kept in a clean compartment and fed sterilized food. In these also there was no evidence of blackhead.
Finally, our previous suggestion that blackhead may occur spontaneously in the absence of Heterakis is to a certain extent supported by the experimental production of the common type of the disease by feeding liver lesions from acute cases. Not only was Heterakis presumably absent from the material fed, but it could not be demonstrated post mortem. Young turkeys under natural conditions, however, would not have access to the virus in tissues.
As to the sources of the virus in the natural transmission of blackhead, we have now experimental evidence suggesting that it may be present in the eggs of Heterakis, although this has not as yet been confirmed by morphological evidence. In the present investigation it was found possible to produce blackhead by feeding ripe Heterakis ova that had been subjected to 1.5 per cent nitric acid sufficiently long (3 days) to render the material bacteriologically sterile. It is hardly probable that the virus would survive under such conditions unless protected by the impervious membranes of the Heterakis ovum, for all our studies indicate that Histomonas is a relatively non-resistant organism. The second possibility is that the virus is present in the turkey from the time of hatching, awaiting only some exciting factor to cause it to invade the tissue. The microscopic study of tissues of many young turkeys has never revealed Histomonas except in blackhead infection, in which it is rarely found outside the living tissues. Furthermore, all isolated control turkeys, even those showing evidence of pathological conditions, i.e. cecal cores, failed to develop blackhead.
That it is only necessary to feed acid-treated Heterakis ova to young turkeys kept in strict isolation to produce the disease suggests that the virus is transmitted from bird to bird in the ovum of Heterakis. Although infection was obtained in 100 per cent of the ova-fed turkeys in certain of the experiments already outlined, postmortem examination of a large number of turkeys has already shown that the introduction of a small number of the worms may not always produce the disease. Again the disease may occur in association with very few worms. Such irregularity with respect to infection might be accounted for by the absence of Histomonas from a certain proportion of Heterakis eggs but, without morphological demonstration, this assumption is unwarranted.
There is considerable variation in the interval between the ingestion of ova and the onset of the disease. Whether this is due to the absence of Histomonas for a time or to conditions that prevent immediate invasion of the tissues is not known. It is also wholly problematical whether this parasite is able to persist and multiply in the cecal contents before invading the tissues. If Histomonas were actually introduced into the cecal mucosa by the worm larwe, it would be difficult to account for such irregularity in the onset of infection as may, for example, be seen in Experiment 3. In this experiment, although a number of the turkeys when killed relatively early (after 8 to 11 days) showed numerous larwe, only one was diseased and in this case the infection was quite advanced. The efficacy of this Heterakis material was proved by the fact that two other turkeys fed with a portion which had also been treated with dilute nitric acid developed the disease. As no symptoms appeared in these turkeys for a period of 3 weeks, it is probable that they did not become immediately infected.
Graybill and Smith 4 have considered Heterakls papillosa as a preliminary agent in that, by injury to the cecal mucosa, it may serve to lower the resistance of the turkey preparatory to the invasion of the protozoon. While this might not appear improbable, the presence of the protozoon in the ceea prior to the ingestion of Heterakis ova has not been demonstrated. Furthermore, little is known as to the invasive ability of Histomonas, although we have shown that the injection of material containing large numbers of this organism directly into the lumen of the cecum may fail to produce infection. While it is possible that the degree of the injury and the extent of the infection may depend on the dosage of Heterakis ova, it is known that blackhead may in some instances follow the ingestion of only a small number of these eggs. We have also found that infection may occasionally be produced, in the absence of Heterakis and its injurious effects, by merely feeding liver lesions containing large numbers of the protozoon. That injury of the cecal mucosa will of itself lead to blackhead infection is not borne out by the facts. Cores associated with inflammation in the ceca of young turkeys kept isolated and on a diet of sterilized food furnish an example of injury to these organs in the absence of blackhead infection. The results of the present experiments would indicate that Histomonas is not present in newly hatched turkeys but is acquired naturally by them as the result of the ingestion from contaminated soil of ripe tteterakis ova containing this protozoon. It may also be introduced experimentally by feeding fresh liver lesions. Heterakis, aside from any injurious effect that it may have on the cecal mucosa, would in this case be an important distributing agent of the protozoon of blackhead. However, the microscopic examination of large numbers of Heterakis eggs at all stages of development hasthus far failed to reveal any inclusion resembling Histomonas.
The administration of drugs for the prevention or cure of blackhead has not been successful as employed in the present experiments. The attempt was made to obtain the maximum effect of the drugs by adding large doses to the daily food ration.
Powdered ipecac appears to have no deleterious effect on the blackhead organism in the tissues for it does not prevent the development of blackhead resulting from inoculation nor does it prevent the fatal termination of this form of the disease. One would not therefore expect il to have curative properties when used in natural blackhead. When administered prophylactically it has a definite effect in delaying the onset of the disease. This effect is not the result of any injurious action on Heterakis, for this worm was found in great numbers in the ipecac-treated turkeys. Ipecac served only temporarily to prevent blackhead infection, in that the treated turkeys eventually became infected and only one of the ten recovered. The claims of Wegeforth 8 with respect to both the prophylactic and curative properties of ipecac are thus disproved by the present investigation. Since this drug showed no evident effect on either blackhead virus or on Heterakis, it was thought that some physiological action such as the stimulation of secretions and peristalsis might account for its tendency to delay invasion. Accordingly sulfur, on account of its mild evacuant properties, was administered to turkeys which were at the same time exposed to infection.
Sulfur in large doses appears also to retard infection, although the number of turkeys employed was not sufficiently large to furnish conclusive results. Sulfur may be slightly unfavorable to Heterakis, for in general the sulfur-treated turkeys showed fewer of these worms than the control birds.
The failure of Chaparro amargosa, an efficient remedy for amebic dysentery in the human being, to prevent blackhead in turkeys has been reported in a previous paper? Since the blackhead parasite proves to be of the nature of a flagellate rather than an ameba, it is not remarkable that it does not respond to drugshavingamebicidalproperties. However, the failure of tartar emetic and of quinine to alter the course of blackhead is no less marked, 6 although the value of these drugs in certain protozoan infections is well established.
At present the most hopeful mode of attacking blackhead appears to be through measures tending to eliminate Heterakis. Such measures may be directed towards the isolation of the turkey or towards the destruction of the worm. It is possible that vermifuges administered at short intervals may prevent blackhead infection. However, it is not, at present, known how soon after the introduction of Heterakis the tissues are invaded by the blackhead parasite. Invasion may occur very early in some cases, for extensive infiltration of the tissues has been found in a very young turkey 8 days after feeding Heterakis material. It is safe to assume that infection occurred in this case at least as early as the 4th or 5th day. The interval between the ingestion of Heterakis ova and the invasion of the tissues by the parasite of blackhead may therefore be very brief, in fact it is conceivable that infection may follow immediately in some cases. Whether the administration of vermifuges at intervals will either prevent or lessen the incidence of blackhead in young turkeys must be determined by further experimentation. For the present it appears to be the safer course to rely on isolation for the prevention of the introduction of Heterakis to young turkeys.
The successful employment in the present investigation of soil from a hen yard for the purpose of producing blackhead furnishes additional experimental evidence as to a common source of this infection. The agencies here used for the experimental production of blackhead are present and operative in most farmyards. While it is already well established that blackhead occurs in chickens, little is known concernLug its prevalence among them. During the present season typical blackhead lesions of the liver as well as of the ceca have been found in young chickens raised on ground previously occupied by mature poultry. It is probable that blackhead tends to run a mild course in young chickens, as already indicated by the experiments of Smith and Graybill, 7 and on this account is often not recognized. That the disease of the chicken and the turkey are identical, as indicated by the transmission of blackhead to turkeys by Heterakis material obtained from hens, is further shown by the production of typical blackhead in the turkey through the inoculation of the latter with the liver lesions from a case of blackhead in a chicken.
Blackhead was inoculated into nine turkeys during the course of the present season and three of these that developed active lesions completely recovered. Subsequent repeated subcutaneous inoculations of active virus were without effect. That this immunity may, however, be of short duration is indicated by the fact that, kept on infested ground, one of the above turkeys apparently passed through a mild attack of blackhead about 3 months later. We have already reported the occurrence of the disease in older breeding turkeys, male and female, and also in a hen over 2 years old. Recently an acute process was found in the cecum of a 3 year old male turkey which had always been confined with other turkeys in a small yard, where every external condition necessary for infection seemed to be present. It is evident that turkeys may have attacks of more or less severity from time to time. Occasional cases of the disease are also found in old fowls that had presumably been exposed to the infection throughout life.
The experiments conducted in the present investigation have again shown that newly hatched turkeys do well in close confinement, and notwithstanding the sterilization of the food they may develop normally for at least a month. Young turkeys infected with blackhead evidently resist the disease longer when confined than when wandering free, possibly through the elimination of the fatigue factor.
Previous conclusions as to the flagellate nature of Histomonas meleagridis are confirmed by observations made in the course of the present investigation. By the strict isolation of turkeys and by furnishing them sterilized food, it has been possible to keep them free from all protozoan contamination for a period of 4 weeks. Blackhead has been produced in such turkeys by feeding them Heterakis ova that had been treated in dilute nitric acid with the object of destroying all organisms external to the egg membrane. Under such conditions Histomonas was found in flagellate form in the ceca late in the disease. The flagellum of this organism was also observed in motion in incubated material from acute liver lesions. The morphological details of the flagellated forms will be considered in a subsequent paper.
CONCLUSIONS.
That the ovum of Heterakis papillosa is an important source of the virus in the natural transmission of blackhead in turkeys is suggested by experimental evidence obtained in the present investigation. Confirmatory morphological evidence has not thus far been obtained to establish definitely that this worm serves as the invertebrate host of H istomonas meleagridis.
It is possible occasionally to produce blackhead in turkeys by feeding large amounts of the virus alone, as obtained in liver lesions. This artificial procedure is, however, not duplicated in nature since the lesions of the disease are not eaten by young turkeys.
The intentional contamination of the food of young turkeys with dirt taken from hen yards has in the present experiments invariably produced blackhead. The conditions provided are essentially those that prevail in many farmyards.
The identity of blackhead infection in common fowls with that of turkeys is indicated by the production of the typical disease in a turkey by the inoculation of liver lesions obtained from a diseased chicken.
It is not known whether variation in the period between the ingestion of Heterakis ova and the onset of the disease is dependent on the absence of the virus for a time or on the absence of the conditions necessary for invasion.
Under experimental conditions a large proportion of the Heterakis ova fail, at least when fed by hand, to hatch out in the intestine, but, passing through, may later be taken up with contaminated food. This is shown by the occurrence in the ceca of larvae in various stages of development long after the Heterakis material is fed.
Ipecac, llke other drugs previously tested, is found to be of no practical value in the control of blackhead. It has no deleterious effect on Histomonas in the tissues and does not prevent the development of Heterakis. Its daily administration to the limit of tolerance fails to prevent infection or a fatal outcome in the naturally acquired disease.
The fact that ipecac may delay the onset of the infection may perhaps be due to some physiological property of this drug. Sulfur administered daily in large amount likewise, possibly on account of its evacuant action, tends to delay infection.
Recovery from inoculated blackhead is associated with a degree of immunity. That this is not permanent is indicated by the appearance of symptoms of blackhead several months after recovery from the inoculated disease. The fact that blackhead sometimes appears in mature turkeys that have been kept constantly on infested ground suggests that these birds may suffer from repeated attacks.
Observations made during the course of the present investigations confirm previous conclusions as to the flagellate character of Histomonas meleagridls.
